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I
The light-sensitive sporangiophores of the fungus ~Phycomyces respond to sudden illumination by an acceleration of growth. If the illumination is from one side only, unequal growth on opposite sides of the sporangiophore typically causes bending toward the source of light--a "positive" phototropic reaction. Such bending has been generally explained as due to greater photic action on the side more remote from the light, due to refraction and total reflection within the clear, cylindrical sporangiophore (Blaauw, 1914; Oehlkers, 1926 ). Senn's (1908) careful determination of the light paths within structurally comparable plant cells, such as Vaucheria, supports this view.
Reversal of the usual positive phototropism of Phycomyces has been described as occurring in two cases: (1) Buder (1920) immersed the sporangiophores in oil of high refractive index, and obtained "negative" bending (away from the source of light) following one-sided illumination. This experiment has been repeated with confirmation of Buder's findings. It is surprising that growth and bending of the sporangiophore continue for over an hour in spite of the unfavorable circumstances. (2) Oltmanns (1897) and Blaauw (1909) obtained negative bendings with long exposures to high intensities of light from one source. Both investigators found positive phototropism at low intensities, phototropic "indifference" or absence of bending at intermediate intensities, and at high intensities reversal of the usual phototropism. Both Oltmanns and Blaauw regarded these results as significant for the theory of phototropism: the former spoke of "optimum" intensities of light for the several phototropic reactions; the latter of a constant quantity of light (intensity X time) necessary to evoke each type of reaction. Blaauw further described phototropic 487
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I I
It has been shown (Castle, 1931) that phototropic "indifference" in
Phycomyces to short exposures of light from one side is really due to equal phofic action of the same kind on opposite sides of the sporangiophore. Since no trace of negative phototropism was encountered in these experiments, the work of Oltmanns and of Blaauw was repeated. Using a small arc-lamp (approximately 8 amp., 110 volts A.C.), a water screen 3.3 cm. thick, and a range of intensities comparable to those used by Oltmanns, negative bending was never obtained with actively-growing sporangiophores of Phycomyces blakesleanus ( " + " strain) even after 2 hours exposure. At the highest intensities used, enough heat is transmitted by such a water screen to stop the growth of the sporangiophores within one-half hour. Using a CuSO4 solution screen (equivalent to a layer 1 cm. thick of 6 per cent aqueous CuSO,-5 H20; cf. Nuernbergk and Du Buy, 1930) only phototropic "indifference" was found, and the heat effect was abolished. In no case did negative bending occur.
Negative bending is obtained, however, on exposure to sufficiently intense and prolonged infra-red radiation from one side, as the radiation from an incandescent tungsten filament transmitted by Wratten infra-red filter No. 88. Negative bending is also produced by infra-red radiation from an ordinary 110 volt glow-heater run in series with a resistance at such a low temperature that no visible light is emitted. In both of these cases, bending is gradual, first becoming evident after several hours of exposure, as would be expected in a heating effect.
I I I
The previously reported (Oltmanns, 1897; Blaauw, 1909) reversal of phototropism of Phycomyces at high intensities of light was evidently due to the action of infra-red or heat radiation not adequately screened out. The light-sensitive system proper of Phycomyces is insensitive to wave-lengths greater than about 580 m# (Castle, 1930-31) . Oltmanns used a water screen 6 cm. thick in conjunction with a powerful arclamp, while Blaauw apparently used no kind of heat screen. The experiments described here show that heat radiation alone can produce just the kind of gradual growth away from the radiant source which these workers found. Such bending was in reality negative thermotropism, not compounded with phototropism because the sporangiophores were symmetrically saturated with light, or phototropically "indifferent."
Reversal of the ordinary positive phototropic movement of the sporangiophores of Phycomyces with high intensity of illumination is therefore not a genuine phenomenon, and need not be accounted for in terms of the underlying light-sensitive system.
SUMMARY
Alleged reversal of the phototropism of the sporangiophores of Phycomyces by high intensities of light does not occur if infra-red radiation is properly excluded. Phototropic "indifference" alone occurs at high intensities due to equal photic action on both sides of the sporangiophore. If heat radiation is not screened out, a gradual, negative thermotropic bending takes place.
